Abstract: An interdigitated electrode sensor was designed and microfabricated for measuring the 11 changes in the capacitance of three phosphate selective molecularly imprinted polymer (MIP) 12 formulations, in order to provide hydroponics users with a portable nutrient sensing tool. The 
Introduction

28
Within the field of precision agriculture, the accurate in-field measurement of the 29 macronutrients nitrate, phosphate and potassium in soils and hydroponic growth media is a vital 30 component to controlling crop yields and plant disease levels [1, 2] . The role of phosphate is 31 particularly important in cellular metabolism and the production of nucleic acids, with a 32 phosphorous (P) deficiency resulting in the stunted growth of plants and poor development of root 33 systems [3] . However, an overdosing of the nutrient through phosphate rich fertilisers leads to 34 significant leaching of labile phosphate into the local water table. This leads to a population 35 explosion in species of blue algae, and subsequently the eutrophication of nearby ponds and water 36 supplies [4] . As such, the control of phosphate content in the environment is crucial.
37
Yet, a significant challenge within the research and development community has been the 38 determination of a portable sensor design that can selectively measure the concentration of inorganic 39 phosphate present within a growth media. Phosphate displays cross-interference with other 40 common nutrient cations such as NO3 -when measured using conventional electrochemical sensors 41 based on electro-conductivity (EC) measurements or ion selective electrodes (ISEs) [5] . This is due to environments [5] . Both of these factors combine to result in phosphate occupying a low position on 48 the Hofmeister Selectivity Series for anions in salts. This produces a selectivity order of
49
ClO4 ->I ->NO3 ->Br ->Cl ->F ->H2PO4 ->SO4 2-in electrode measurements of nutrient growth media [6] [7] [8] .
50
A solution to the challenges associated with cross-interference is the introduction of a 
57
The MIP structure is synthesised by means of a molecular imprinting process, where the 58 binding site is created. The template molecule acts as a coordination centre in a complex formation,
59
with the functional monomers acting as ligands due to them containing functional groups that allow 
82
The transduction of the MIPs was carried out using a non-destructive electrical technique, using 
Materials and Methods
92
The aim of this investigation was produce an interdigitated electrode array for the application 
Reagents and Apparatus
95
The following reagents were used for this study and purchased from Sigma-Aldrich, including Michler's Ketone) was selected as the photoinitiator for polymerisation. For the MIP functional phosphate and trimethyl phosphate were selected for the template molecule. For the nutrient salts, 104 sodium dihydrogen phosphate (NaH2PO4), sodium nitrate (NaNO3) and sodium sulfate (Na2SO4).
105
The deionised water used for producing the aqueous phosphate, nitrate and sulfate salt solutions 106 was produced in-lab using a Millipore Direct-Q 3 Smart water purification system.
107
Polymerisation was carried out using an OmniCure LX400+ LED spot curing system to deliver 
Photopolymerisation and Spin Coating of MIP/NIP Materials
116
A spin coating method was devised to allow for several MIP formulations to be created, A final spin coating mixture was then prepared from the three stock solutions (Table 2) 
176
Following the microfabrication of the devices, scanning electron microscopy (SEM) was used to 177 inspect the devices to ensure that the electrodes tracks were free of defects and inter-electrode 
Thickness Measurements of Spin Coated Polymer
209
Surface profile measurements for the polymer samples were carried out using a Bruker
210
Dektak-XT profilometer to determine the thickness of the MIP and NIP films. Separate substrates
211
were prepared for surface profile measurement using the same 0.12 inch thick quartz substrate, but 212 coated entirely on its top surface with a uniform, 100 nm of chromium and contained no electrode 
215
A 'defect' was introduced to the polymer films using a rounded stainless steel needle with a 
222
Thickness of Polymer Film Results
223
By examining the thickness of the various polymer films produced from spin coating, it was 224 possible to observe the effect that altering the functional monomer and template pairing would have 225 on the viscosity of the solution being spin coated, and therefore the thickness of the film produced.
226
The plotted results shown in Figure 6 show a decreasing trend in MIP layer thickness moving from 227 MIP1 to MIP3. 
231
This decreasing trend in film thickness shown in figure 6 follows the decrease in template mass
232
as the side groups move from the heaviest in MIP1 (diphenyl phosphate) to the intermediate in MIP2
233
(triethyl phosphate) to the lightest in MIP3 (trimethyl phosphate. As the spin coating conditions
234
were kept constant (3000 rpm for 180 seconds), the decrease in template mass has resulted in a less 235 viscous solution that spreads more rapidly across the substrate during the initial spinning before the 236 polymerisation process prevents any further spreading.
237
Another significant factor is the much greater film thickness observed in the NIP sample (818.1 238 nm), showing a profile height at over double that of MIP1 (388.9 nm). This is due to the NIP spin 
Capacitance Changes in MIP/NIP Samples in Response to Phosphate Nitrate and Sulfate
242
The cross-interference study was carried out with the purpose of determining how specifically 8. Sulfate -sample bathed in a 0.1 M solution of Na2SO4(aq) to provide exposure to the SO4 -anion.
260
The devices were dried with a nitrogen gun immediately following removal from both the D.I. 
272
All three MIP formulations displayed a significant binding preference to phosphate over the 273 nitrate and sulfate salts tested, as seen in Table 4 when examining the capacitance measured in pF.
274
MIP1 consisting of diphenyl phosphate paired with methacrylic acid displayed the largest shift in 
309
Further work to refine this sensor for full integration into a hydroponics system would be 310 valuable, particularly targeting the further optimisation of the spin coating process through a 311 rheology study of the pre-spun monomer solutions to produce films of a uniform thickness across
312
formulations.
313
The further refinement for the specification of the cross-interference testing would also help to 
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